~" The authors report the late results of surgical treatment of 129 intramedullary gliomas (48 epen dymomas, 53 astrocytomas, 13 spongioblastomas, five glioblastomas, one oligodendroglioma, and nine others), with followup periods ranging from 1 to 27 years. The value of surgical treatment is considered in relation to the postoperative results.
T HE purpose of this paper is to report our longterm results of the surgical treatment of intramedullary gliomas. Our series included 528 primary tumors involving the spinal cord or roots of the cauda equina operated on in our department between May, 1951, and May, 1978. There were 159 intramedullary tumors, 129 of which were gliomas (Table 1) .
Surgical Treatment
The surgical procedure used in this series does not differ basically from the one we described in 1964 TM and 1967 . l~ The only differences are that the surgeons had greater experience and the operating microscope had been introduced for this type of surgery.
We favor the recumbent rather than the sitting position for patients undergoing this procedure. After adequate laminectomy, the dura is opened with great care in order not to damage the spinal cord. When it is established that the lesion is entirely intra~ medullary and that the swelling of the cord is not due to an extramedullary lesion in front of the cord, the arachnoid membrane is incised along the swollen part of the cord. It is important that the arachnoid mem brane should not be cut too extensively: a limited inci sion will not impair the circulation of the cerebro spinal fluid and, should it be necessary to leave open the dura mater, the arachnoid will help to protect the cord. In the case of solid intramedullary tumors, a longitudinal incision is made in the posterior columns not far from the midline and preferably in the area of greatest swelling. In some cases, especially when the tumor can be enucleated, it may be seen through the thinned spinal cord.
A small biopsy of tumor tissue is taken for im mediate histological examination. If the tumor is an astrocytoma, polar spongioblastoma, glioblastoma, or oligodendroglioma, total removal of the tumor is pre cluded, except in those few cases in which a plane of cleavage can be found between normal spinal cord and the tumor. If there is no plane of cleavage, we per form a posterior longitudinal myelotomy the full length of the tumor and remove only the portion of tumor tissue that is clearly discernible as such under the operating microscope. Gliomas of the spinal cord may be associated with a gliomatous cyst or with a syrinx. Gliomatous cysts are usually filled with yellow fluid with a high protein con tent. The most effective way of eliminating these cysts is to perform a longitudinal myelotomy and leave a large cavity next to the spinal subarachnoid space. In the case of intramedullary ependymoma, every effort is made to accomplish total removal. Once a cleavage line is established, the tumor can be separated by gen tle dissection from the normal spinal cord tissue on In the case of total removal, the dura mater is closed in a watertight manner. If removal is partial, the dura is left wide open by suturing its free edges to the muscles. To prevent adhesions forming between the spinal cord and surrounding tissue, we cover the dural opening with a piece of cadaver dura sterilized by gamma irradiation. 2 The type of surgical procedure used in the various tumor types is shown in Table 2 .
Surgical Results

General Observations
Operative mortality, which includes all deaths oc curring during the hospital stay, ranging from a few days to 3 months after surgery, was 5.4% (seven patients) ( Table 2) . Two patients died 10 and 15 days postoperatively from pulmonary embolism, verified at autopsy; three died of respiratory paralysis, and two from purulent meningitis which occurred in one patient after 10 days and in the other after 3 months. The last patient had undergone decompressive laminectomy at another hospital a year before, and had been given extensive xray treatment. The post irradiation softtissue changes prevented satisfactory wound closure.
Of the 122 patients who survived the operation, nine (6.9%) were lost to followup review (five were never traced and four stopped attending for examination 2, 3, 4, and 5 years after the operation, respectively). The remaining 113 (87.7%) were all followed personally for periods ranging from 12 to 324 months (Table 3) .
In assessing the longterm results, the following classification was used:
Very Good (90% to 100% of normal): The patient has no neurological abnormality or very slight deficit, such as a mild sensory disturbance or slight sphincter trouble; walks with a normal gait; leads a normal life Good (70% to 90% of normal): The patient has slight neurological abnormality, such as weak ness of the limbs, sensory disturbances, or slight sphincter trouble; walks unaided; is independent Fair (50% to 70% of normal): The patient has moderate neurological deficits; walks with a stick or crutches; is reasonably independent Poor (30% to 50% of normal): The patient has gross neurological deficits; walks with support; has gross sphincter and motor disturbances; has no possibility of independent life.
Postoperative neurological improvement was assessed as a percentage of the patient's preoperative status.
Ependymomas
Summary of Cases. Of the 10 ependymomas of the cauda equina, nine were removed totally and one sub totally. All the patients are living and in satisfactory health an average of 145 months postoperatively. Of the 27 patients with intramedullary ependymoma who underwent radical tumor removal, four died after the operation and two died 5 and 8 years later from causes unconnected with the tumor (stroke, cirrhosis of the liver). Of the 21 survivors (followed for 12 to 310 months; average survival time, 124 months), 11 are well, free from serious neurological deficits and with normal use of all limbs; eight are well, with slight neurological deficits and normal use of their limbs; and two can walk with the aid of a stick. They had a 35% neurological improvement over their preopera tive status (Table 4) . Five patients underwent post operative radiation therapy; their average survival period was 120 months. The patients who Were not irradiated had an average survival time of 125 months ( Table 5) .
Nine of the patients with intramedullary epen dymoma underwent subtotal or partial removal of the tumor; eight of these received radiation therapy. Two of these patients died, one 2 years later from causes probably related to the tumor, the other 7 years later from cardiac infarction. One was lost to followup review. Of the six survivors (followed for 25 to 240 months; average survival time, 103 months), one did not benefit from the operation at all and two did, the improvement on their preoperative status being about 20%.
Two patients were mistakenly only subjected to posterior myelotomy, biopsy, and postoperative radia tion therapy. One of these improved for about 2 years and then gradually deteriorated, and the other enjoyed a modest improvement that continued for about 12 years.
Comment. In assessing the longterm therapeutic results in ependymoma patients (Table 6 ), the follow ing points are noted:
1. The best longterm functional results were ob tained in the patients who underwent tumor removal. In marked contrast to the functional recovery, there is no great difference in average survival time by type of operation (radical removal, 124 months; subtotal removal, 103 months; and posterior myelotomy and biopsy, 98 months).
2. The histological character of the ependymoma does not seem to have affected the longterm progno sis in our experience. Undoubtedly, in the past some tumors have looked invasive to the naked eye, and this has discouraged radical removal; however, the operat ing microscope has dispelled doubt on this score.
3. The site and size of the tumor is an important factor in the prognosis, although less so now than formerly. Ependymomas affecting the high cervical cord and the medulla oblongata are attended by greater surgical risks and postoperative complica tions. The operating microscope has probably im proved the prognosis of tumors even at this site.
4. Functional recovery depends strictly on the patient's preoperative neurological status. The best therapeutic results were achieved in patients with modest preoperative neurological deficits and a clinical history not exceeding 2 years. 5. In patients undergoing only partial tumor removal, irradiation seems to improve the prognosis and functional recovery. However, irradiation does not seem to be helpful in patients treated with radical removal (Table 5) .
Astrocytomas
Summary of Cases. Two patients underwent total tumor removal; one died 8 months later from bronchopneumonia, and the other who received radia tion therapy is alive after 42 months with slight neuro logical deficits and is able to lead a normal life.
Seventeen patients underwent partial removal; one died after the operation and five died later, two from causes unconnected with the tumor (1 and 13 years later) and three after sudden neurological deterio ration (4, 5, and 6 years later). One patient was lost to followup review, and 10 patients are still alive (aver age survival time, 98 months). Of these 10 patients, three are neurologically intact 10, 14, and 27 years after surgery, one has slight deficits, and three have moderate and three gross deficits. They had a 10% im provement over their preoperative neurological status (Table 7) . Eight patients were given radiation therapy after partial removal (average survival time, 101 months), and seven patients were not irradiated (average survival time, 94 months) ( Table 5) .
Of the 29 patients subjected to posterior myelotomy and biopsy, one died after the operation and eight died later, six from the normal course of the disease after a period ranging from 1 to 6 years, two from causes un connected with the tumor 2 and 13 years after the operation. Four patients were lost to followup re view, and 16 patients are still alive (average survival time, 72 months). Of these 16 patients, 10 derived lasting benefit from the operation, and six deterio rated after initial improvement. At present, two are neurologically intact, and seven have slight, three moderate, and four gross deficits. The average im provement on their preoperative neurological status was 5% (Table 7) . Postoperative irradiation was given after surgery in 13 patients, whose average survival time is 76 months; the patients who did not have radia tion therapy have an average survival period of 68 months (Table 5) .
Five patients were subjected to decompression and biopsy only. One was lost to followup review, two died from tumor recurrence, one died 6 years later from other causes, and one is still alive 6 years post operatively, with slight deficits (average survival time, 45 months). The average improvement on their pre operative neurological status was 5% (Table 7) . Three patients underwent irradiation, and their average sur vival time was 8 months.
Comment. Regarding the longterm results with astrocytomas (Table 8) , the following remarks are in order:
1. Radical removal of the tumor is rarely possible, although use of the operating microscope in a larger series of cases may perhaps modify this statement. The absence of a plane of cleavage in the great ma jority of these tumors inhibits extensive removal, which may cause neurological damage with no real ad vantage. The effect of xray therapy is difficult to evaluate. While some patients derived marked benefit from irradiation, others showed no improvement.
2. The longterm functional results are not as good as those obtained in ependymomas.
3. The disease resumes its clinical course in 50% of cases after an average of 4 to 5 years.
Spongioblastomas
Summary of Cases. Our series comprised 13 polar spongioblastomas. 2s The surgical methods employed and the operative mortality are given in Table 2 . Three patients underwent radical tumor removal, one of whom died 6 months after the operation from un specified causes. The other two patients are living 3 and 21 years after the operation, the former having a slight neurological deficit and the latter none. Im provement on their preoperative neurological status was estimated at about 25% (Table 9) . Eight patients underwent subtotal removal; one died after the operation and one died 4 years later from cardiac disease without having benefitted from the operation. Six of these patients are alive, four hav ing undergone radiotherapy (average survival time, 48 months). Of these six, two are neurologically intact, two have slight deficits, and two moderate deficits. All six survivors experienced a neurological improvement of about 30% ( Table 9 ). The two patients who under went posterior myelotomy and biopsy are alive (average period of survival, 48 months). Both have the same neurological deficits that they had before the operation (Table 10) .
Comment. The spongioblastomas in our series pre sent some peculiarities that differentiate them from astrocytomas (Table 7) : 1) there is a greater chance of radical tumor removal; 2) no clinical recurrence was seen in the cases followed up; 3) there was better recovery of neurological function; 4) the average sur vival period appears to be shorter than is the case with astrocytomas, but it must be remembered that nine cases were treated in the past 11 years; and 5) there is no great difference in average survival time between irradiated and nonirradiated patients.
Oligodendrogliomas
Our series includes only one of these tumors, found at the TI0L2 vertebral level. Partial removal was performed. Three years after the operation, the patient died with intracranial hypertension after a slight improvement in her neurological status.
Glioblastomas
The series includes five cases of intramedullary glio blastoma. Partial removal was performed in three cases: one patient died 3 months later from un specified causes and one after 3 years from heart trou ble; the third is in a terminal state 3 years later. The average survival in this group is 25 months. Subtotal removal was performed in two patients: one has been lost to followup review, and the other, severely debilitated, died 4 months after the operation.
The aim of the operation is to remove as much tumor tissue as possible without damage to the cord. There being no true plane of cleavage, radical removal was not attempted in any of the patients. The dura mater was always left open, and four patients were subsequently irradiated. 
Unspecified and Unverified Gliomas
Nine patients in this series had gliomas that were either unclassified (five cases) or unverified (four cases). One patient was lost to followup, one died 3 months after the operation from unidentified causes, one 3 years postoperatively from pyelonephritis, and one 10 years postoperatively from respiratory trouble. Five patients are living after a period ranging from 7 to 10 years; one is in fair condition, two have slight neurological improvement, and two, after initial im provement, deteriorated and are now paraplegic.
The longterm results suggest that these were slow growing astrocytomas, but no comment is tenable in the absence of clear histological data.
Discussion
Our series of intramedullary gliomas includes patients who received surgical treatment, most of whom were followed for a long period. In recent years (19671978), thanks to the experience we have gained, to improvements in anesthesiological practice, and to the introduction of the operating microscope into neurosurgery, we have had no operative deaths, the number of radical tumor removals has increased, and the functional results are better.
We believe that the aim of surgery in intra medullary gliomas should be radical removal, although this is possible only in cases where there is a plane of cleavage. A plane of cleavage is usually found in ependymomas, and here radical removal should be the rule. In the experience of ourselves and of other workers, 1,s8,8~3,~52~ this procedure is followed by good functional recovery. Total removal is rarely possible in astrocytomas, which, even when viewed with the aid of an operating microscope, rarely present a clear plane of cleavage. In these cases, it is advisable to per form a posterior myelotomy extending the full length of the tumor, remove the tumor tissue that is clearly demarcated from the healthy tissue, and leave the dura mater open. According to our own and others' experience, 8,s~2,~4,~5,17~9,~la2 the results of this surgical procedure are fairly satisfactory.
Approximately the same approach is called for in the case of polar spongioblastoma. In this group of tumors,lO 12,~5,22 the percentage of radical removals is higher because of the presence of a plane of cleavage, and the functional results are better than in astro cytomas. The prognosis in cases of glioblastoma mul tiforme, however, is poor whatever procedure is used. 7a~
These cases should be treated by posterior myelotomy and removal of as much tumor tissue as possible with the dura mater left wide open.
Finally, there is the ageold problem of whether to institute postoperative radiotherapy. We believe that it is useful in cases of partial tumor removal, provided that the posterior longitudinal myelotomy extends the full length of the tumor and the dura is left open. However, this view is only a personal impression, because it is very difficult to achieve a statistically valid comparison of the functional results obtained in irradiated and nonirradiated patients.
